Much has been written about the need to address the requirements of the user when designing information appliances (mobile phones, MP3 players, PDA's etc.) In conclusion, the challenges for the successful design and development of information appliances are summarised and ways in which they might be addressed discussed.
Introduction
Modern products are increasingly likely to be computers. Bill Buxton summarized the situation succinctly. In a keynote address to the 2 nd Appliance Design conference regarding users' perceptions of modern products he stated: "A PC is a computer you type into, a mobile phone is a computer you put to your ear to and a digital camera is a computer you look into". Increasingly, the product is actually the user interface while what we perceive of as the product is actually just ) and a number of tools and techniques are either available or in development, a selection of which are briefly described below:
• The Buck Method (Pering, 2002) involves using an existing product wired to a PC;
• Paper Prototyping (Snyder, 2003 ) uses paper, card, and other 'soft' materials to build prototypes. Human operators make physical changes to product states according to the user's interaction with the 'product';
• Experience Prototyping (Buchenau & Suri, 2000) is an ethnographic approach that uses improvisation and low tech. props;
• Wizard of Oz simulations (Maulsby et al 1993) involves human operators simulating sophisticated machine responses;
• Augmented Reality (Nam & Woohan 2003 ) uses a combination of real and virtual simulations;
• DTools (Hartmann et al 2005 , and widely regarded as the best rapid hardware/software development tool so far) uses "smart" components combined with a state transition software tool
• the Calder Toolkit (Lee et al 2004) involves prototyping via ad hoc networks
• the IE System (Gill, S. 2003 ): a flexible system of hardware and software linking a prototype to a PC. For further details on some of these techniques and others see Gill, S. 2005b .
It is also worth noting that in 2D design there have been some interesting developments such as DENIM (Newman et al, 2003) which allows designers of web pages to very swiftly create designs from sketches using gesture recognition. Similar approaches may yet be useful for the development of information appliances.
As can be seen from the small sample above, a lot of research is being carried out, attempting to find ways for designers to overcome the problems of designing computer-embedded products.
Why then is so much still written about unsatisfactory information appliances? (e,g. Nielson, 2004 and Kim, 2005 ).
Designers do not operate in a professional vacuum. This paper will demonstrate that the context of their operation is as important to the problems facing the design development of information appliances as the day to day design and prototyping issues themselves. Specifically, the paper seeks, through case studies, examples and discussion to explore the problems faced by designers and industry, the hurdles to be surmounted and the further work needed in order to achieve that.
Challenges 1 -4 (Social Factors)
There can be a temptation to regard the facilities, expertise, problems and methodology for designing information appliances as common to all design teams. Papers such as Pering (2002) and Mohageg and Bergman (2000) only deal with how information appliances are designed in a particular setup (Handspring and Sun Microsystems respectively) while Avrahami and Hudson 
Research commissioned by the National Centre for Product Design & Development Research
(PDR) has found a range of different design environments in which information appliances are developed. Not all designer teams face all the challenges listed in this paper, they occur according to company structure, the skillsets available, the time given to the project and even the financial circumstances of the company designing the product.
Challenge 1: Cultural Bias
In countries like South Korea and Japan consumers are happy to take time to deal with technology. In their paper examining the success in Japan of iMode, a mobile internet system, Barnes and Huff (2003) thetrams.co.uk) Lee et al (2007) further examines the uptake of mobile internet through a post adoption study in the Far East. They attribute Korean, Hong Kong and Taiwanese attitudes to IT technology as being due to the "cultural lens" through which those cultures view it. Among other findings is the intriguing suggestion that a willingness to share is one of the possible social contributors to mobile internet being more successful in collectivist cultures (see below). Marcus (2002) examines the ways different cultures view colours, symbols, words and layouts, suggesting methods for ensuring cross-cultural acceptance in user interface design. (Hall 1976 ).
The differences in the way different cultures perceive products and technology has been well understood for some time and so large companies often have design offices in different parts of the world as a means of accounting for these factors (Trompenaars, 1997) . In theory, this should deal with the problem, but in fact these arrangements can fall foul of the very cultural differences they set out to address. PDR commissioned an ethnographic research company to investigate issues facing design teams dealing with information appliances. Equinox is a landline phone with some of the same functionality (e.g. colour screen, texting) as a mobile phone. Although the red and green phone button convention has been "borrowed" from mobile phones for answering and ending a call, the Power control has been placed at the top left of the product. There are three immediate and contradictory issues of convention here. to 30 years. They all had at least 1 year experience using mobile phones with an average experience of 7 years. They sent an average of 6 text messages a day, suggesting good familiarity with 'typical' phone interfaces. Each participant was given an instruction sheet to read and they were allowed to ask questions if they were unsure of the procedure. They were then given one minute to familiarise themselves with the interface before the tasks commenced. The trials were also videoed with sound (see Figure 2 ) and users were encouraged to 'think aloud' if they wished. Comments were noted as were actions or errors of specific interest.
Figure 2: BT Equinox undergoing user trials
One of the most notable issues that users had was that they were repeatedly confused by the placing of the power switch. This was because although the designers had made a series of choices that followed convention, the context in which they had used them (a landline phone with the functionality of a mobile) was confusing because the predominant characteristics of the phone as perceived by users were that of a mobile. Consequently they tried to implement the wrong source metaphors and when asked to switch the phone on they automatically pressed the red phone button without looking for the Power symbol. Many of them tried the same thing repeatedly and some failed to switch the phone on at all.
The development of designs which successfully employ "natural mapping" require designers to be fully cognoscente of which conventions should be employed where. Tests need to take place at an early stage in a product's development to determine how the user views the product. It is not enough to follow a series of conventions, rather the designer needs to know (and know early) which conventions users expecting to follow. As mentioned elsewhere in this paper the tools to allow designers to very rapidly explore these issues at an early point in the design process do not exist in a satisfactory form. (Loudon et al 2002) showed that users wanted cameras to take photos of other people and objects and so later models, (many of them not 3G)
Challenge 3: Social Context
place the camera on the other face of the product. Manufacturers had failed to understand the social context of phone camera use.
Most commercial design tends to be carried out in a studio or office environment. There are a number of reasons why this is the case, not least among them confidentiality issues and the fact that the environment is equipped for that purpose. Nevertheless, products are frequently designed and tested well outside their context of use and as the example of the camera phone illustrates, this can lead to problems once they are in production. Experience Prototyping (see
3) is one way to tackle the problem of simulating the context of use environment without leaving the office or design studio. Augmented Reality (for testing rather than prototyping as described in 2.5) is another, as are the techniques used in Project Maypole (Kankainen, 2003) where end users (children in this case) were brought into the design environment and involved in & 5b below), so are forced instead to work in isolation from either the end user, other parties involved in the design or both. The result is that designs are frequently conceived, designed, developed and launched with no real understanding of the users' requirements.
Challenge 4: Ingrained Thinking
"Just a few years ago, a camera was a mechanical and optical instrument with a chemical film. (Simon, 1955) . There are many examples of designers displaying this ability to "think out of the box" (e.g. Gaver and Martin 2000). Unfortunately the realities of design as a commercial practice are that there is frequently not enough value placed on innovation in any fundamental sense (i.e. not a willingness to pay or to wait for it). Thus, early on in the evolution of the digital camera, standards were borrowed from chemical film cameras without fully understanding the change in its function brought about by the technology that enabled it to exist (hence Kodak hiring IDEO). 
Challenges 5 & 6 (Commercial Organisations)
Design is a commercial activity and design departments don't exist in isolation, even in design consultancies. The structure of an organisation has the potential to greatly influence design output. This issue isn't unique to information appliances, but given their complex nature and need for effective cross-disciplinary cooperation, they are particularly vulnerable to issues of organisation.
Challenge 5: Company size and structure
There are three main sectors within which information appliances are generally designed: design consultancies, Small to Medium-sized Enterprises (SME's) within the manufacturing sector and multinational companies. The opportunities and the challenges facing each of these will be discussed and illustrated through case studies.
Issue 5a: The company is too small
Researchers working for PDR spoke to the design & development employees of six UK-based companies. All agreed that the ideal way to approach the design of a product is to get in-depth market and user analysis before proceeding towards concept generation. Unfortunately, in the case of small companies, they faced growing pressures to get products to market within very 2 To contextualised this remark, he was expressing the opinion that ideally, a designer should make it their business to become an expert in their given field, to the extent that most parameters of the design are understood. In this scenario, user testing ought to validate the design although it may raise minor modification issues.
tight time and cost constraints. In general terms, the smaller the company, the less able it is to turn work away and the less able also to influence a client's decisions. are in a stronger position to dictate to clients the type of design process which should be undertaken because they have multidisciplinary teams making them able to deal with large and complex projects in their entirety. In the short term this process costs the client more money and time but in the long term they see the benefit from a product which is able to capture a greater market share. Smaller consultancies are faced with a stark choice: Accept the terms the client offers: i.e. short time-to-market and low cost, or see the work go elsewhere. In short, their work is cost-based and other considerations must often be given less priority. Consider the example below:
Company D is a medium-sized company who specialize in industrial design. The problem in this case is often not limited resource but limited organisational remit. As the various components of the design are processed (user interface, electronics, programming, graphical layout, product design etc.) it is almost inevitable that important aspects are left out because they become apparent "too late" in the development cycle to influence product architecture, in other words, when too many factors are already defined or determined. This problem is exacerbated by communication problems between the various task-oriented departments. Multinationals may have design departments, research & development labs, market research units and so on but because of the size of their operations these tend to be placed in separate units, sometimes in different countries or even continents. Each of these units is frequently reliant on the work of another, so a unit working on usability cannot start to integrate product design within their own remit since this work is carried out elsewhere. Fernandez (2004) describes working out the entire camera interaction software for the Palm Zire without having any knowledge of the product form. In certain cases much of the work that takes place in one department is also confidential from another and so the job of effectively coordinating the various skillsets in the company as a whole is very problematic. The result is that, like in an SME, each unit in a multinational frequently finds that it is unable to work in a fashion best suited to producing effective information appliances. As with the SME, the design department may be told to "box" electronics designed by the engineering lab and the usability experts told to work with the layout that product design have selected for them. Some of the problems related with this type of company structure are related in Buchanan & Huczynski (1997).
Challenge 6: Company politics
Companies are frequently described as being "design led" (Apple) or "technology led" (IBM) and this is a direct reflection of their ethos. The differences are summarised by Hagedoorn et al When companies change ethos however, new management structures alter the "balance of power" and the product design process can be altered according to which discipline is dominant.
Dr Z was previously a manager charged with overseeing usability issues of new products at 
Overcoming the Six Challenges
The six issues outlined above amount to a small proportion of the problems faced by design teams. Nevertheless, it is quite possible to overcome them and successful design approaches certainly exist, the Steelcase Roombooker for example (O 'Hara et al 2003) . The case study below also illustrates a methodology and team structure that seeks to overcome the barriers to the creation of successful information appliances.
Company X specialise in designing information appliances. Their size, mix of expertise and approach address each of the six issues outlined in this paper as illustrated by an information appliance designed by them, the Navitile:
Case Study: The Navitile
The Navitile is a good example of Company X's methods. In approaching the problem of route The concept is very simple. At reception the visitor is given an object such as a name badge, a brochure, card etc. that has an RFID tag attached to it on which is encoded the visitor's destination. Navitiles are placed on every corridor junction in the building so that every time he or she reaches a junction they simply stand on the tile. The tile senses the weight of the person on it then reads the RFID tag and points the visitor in the right direction by illuminating the appropriate arrow.
So, why is it an example of good practice?
• The system seeks to perform only one task. This means that fewer compromises have had to be made. If it was designed to perform two tasks it might perform both less well.
• Visitors can take detours and still find their way to their destination. So if they have arrived early and decide to go get a coffee before their appointment they can still find their way, even from a different point in the building.
• Unlike a map, it only gives you specific information about a single destination. So although the system covers all locations, it only shows a user the information they require.
• It breaks with convention (using maps or diagrams to navigate), an issue well understood by designers. Breaking convention is often achieved by using a series of techniques (mind mapping, group discussion, direct observation) to suppress prejudices and pre-conceptions. The problem achieving it tends to make itself felt when other factors such as social context, company politics or company size/structure come into play (see Challenges 3, 5 and 6) preventing the full design process coming to bear on a design problem. Company X have been careful to create conditions whereby they are free to operate outwith those constraints. Key to this approach is the use of ethnographic research techniques.
• Creative stimulation study techniques were employed to look for latent consumer need by looking at the ways in which products or artefacts are converted or subverted for uses other than those for which they are designed. (See Figure 4) . The process involves viewing users in their social context, observing conscious and unconscious interactions with products, people and the environment. Again, this method of gathering information is not new, it is an established design technique, widely taught in universities and used at the highest levels by the likes of IDEO and PDD.
Unfortunately, however, for the reasons mentioned above and others, the technique is frequently not applied to information appliances. Because they have both technological and usability expertise "in house", Company X is able to construct working prototypes and test products in their "natural" environment, thus it is able to benefit from unexpected "windfalls" such as the one in Figure 4 .
Conclusions
The context of a designer's day to day work can have a dramatic impact on their effectiveness. This paper has argued that there are six major challenges that most affect designers of information appliances:
• Unwitting cultural bias
• inappropriate breaking of conventions (caused by lack of support in training, time or tools to carry out the job),
• designing without reference to social context because of time, cost and/or IPR issues,
• ingrained thinking, (creativity suppressed by commercial and time pressure realities and compounded by a lack of fast, easy to use tools for the iterative design development of information appliances)
• issues with company size / structure (either too small to drive the design agenda or too large so that expertise exists across different departments, countries or even continents)
• company politics (one part of a team has dominance over another with negative results)
Figure 6: The Six Challenges: Potential Consequences
As Figure 6 illustrates, each of the six issues has potential consequences to the success of a product.
Dealing with the Six Challenges
While the Company X case study above demonstrates that all of these challenges are surmountable, the fact remains that there are significant barriers to overcoming them in anything less than ideal design set ups: 6.1.4 Ingrained thinking can also be tackled by persuading companies to release their designers' skills for innovation at a fundamental level using some of the standard techniques mentioned above. Unfortunately, this will again be hampered by the lack of training, skills or a complete range of tools (to supplement the likes of Experience and
Paper Prototyping) specifically to empower designers to develop ideas for information appliances in a fast and fluid fashion early in the design process.
6.1.5 Company size/structure: Companies approaching design consultancies need to understand that they frequently undermine their own interests by restricting briefs and failing to allow designers to use their training to approach a project from a fresh perspective. Large consultancies such as PDD and IDEO have, in part, become large precisely because they have been able to persuade clients of sense in this approach. It must be recognised however that small consultancies often simply don't have the resources to undertake information appliance development work in this manner because, at present, a lot of very specialist knowledge is required to prototype them and it takes a long time, thus we return to the issue of providing designers with appropriate tools. As discussed above, large companies have all the expertise required but it tends to be compartmentalised so that employees in one department find it difficult to effectively access the skills available in another for political, geographical and confidentiality reasons.
These issues are complex simply because the scale of operations in a large multinational mean that teams have to be very large. It is clearly in accord with the best commercial interests of a company of whatever size to operate a sensible, well structured approach to information appliance development. To that end, and in the context of information appliances it would make sense to implement Sach's concepts of company structure based upon activity rather than tasks. growing consumer pressure to produce usable products is likely to aid the resolution of this issue but again, giving designers the tools to make low, medium and hi fidelity prototypes would make a significant difference, returning rig development to its rightful place in the development process and removing the skills bottleneck that frequently exists, especially when dominance issues come into play.
Possible Solutions
The issues summarised in 6.1 can be grouped into two areas: Company Management and Design Tools:
6.2.1 Company Management. Cultural bias, company size/structure and company politics might all be combated by the implementation of team structures that:
• allow the views of those best placed to judge specialist issues the power to make decisions related to that specialism;
• recognise the commercial value of innovative design that breaks boundaries and invest accordingly;
• give equal weight to the views and skills of all major contributors to the design and development process Prototyping and Paper Prototyping they will also need to be capable of different fidelity levels, and no complex electronics or programming should be required. One last issue not addressed so far: universities need to engage more with this subject. Design undergraduates need to be taught new techniques as they evolve, so that each new generation of designers brings to the market up to date skills that improve the profession's grasp of the issue.
